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1.0 INTRODUCT!O;_

This is the second letter progress and status report for the Dual

Mode NERVA Applications Study and covers activities for the period

January I to 15, 1972.

2.0 REFERENCES

(a) TRW Progress and Status Report No. I (_AS-71-16) of 6 January

1972.

3.0 GENERAL

3.1 The Reference (a) report was prepared and submitted to NASA/MSFC

3.2 The first TR'_/A_SCTechnical Coordination meeting was held at TRW

i Systems on II January 1972 and reported in ANSC Report N2010:063 of

13 J=_nuzry 19_2. Significar.t techric__l cor.clusie_s are_ disc,_,__se__ in

Section 4 of this report.

4.0 PROGRESS

4.1 Mission AnaIxsis CTask I)

Work is continuing on compiling the data for the mission velocity

requirements. The velocity increments for earth orbital transfer and

to accomplish plane changes at various orbital altitudes are summarized

in Tables 1 to 3. Similar data has been generated for the lunar

transfer velocity requirements (Table 4). In addition, mission velocity

requirements have been determined for the inner planets Mercury and Venus

(Table 5) and the outer planets Mars (including Phobos and Dein_s) Jupiter

(including Callisto) and Saturn (Table 6). Finally, data for velocity

requirements for ballistic probes (solar and inner planetary and outer

planetary regions) has also been generated (Figures l to 7). A four

e
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planet grand tour mission is outlined in Table 7. This is preliminary data

which is being reviewed and checked, and will ulti_atc:j be used to deter-

mine payload capabilities _or the various synthesized missions.

The baseline NERVA stage characteristics have been revised to reflect

the latest data available and this has been summarized in Tables 8 and 9.

Utilizing these characteristic_data was Prepared for various Propulsion

modules varying in size from 4 propellant modules (tandem stacking) to

28 propellant modules. Figures 8, and 10 to 14 depict this data. A typical

geosychronous shuttle mission is shown in Table 10.

Figure 7 depicts initial vehicle weigi_tand injected payload data

for the 4 propellant module vehicles including leave earth gravity

losses. Similar data is in preparation for the ether vehicles. The

gravity loss factors being used are s_own in Figures 15, IE, and 17.

The data presented in these figures were generated using the (modified)

Rapid Analytic Trajectory Simulation (RATS) program. The burn arc for

the first thrustingmaneuver was controlled by term,inating the thrust

period on a preselected value of true anomaly of the first e11iptic

(_e_er_*_d.._y _^_,,_first b_rn). Subsequent .nrustlng pemods were initiated

at a negative true anomaly with thrusting to a_ equal position value of

true anomaly of the elliptic (or hyperbola) generated in the same

thrusting period. The third thrust period was generated in the same

way as the second. In this manner near symmetry about the periapsis

point vJasmaintained during the thrusting period. The thrust pointing

directors were maintained in the initial velocity vector direction.

No attempt was made to optimize the length of tileburn arc for

multiple burn cases. Thrust periods were determined such that t_e

second to last burn did not generate hyperbolic velocities.

The FL factor data for the single burn, 2 burn and 3 burn cases

are based on the ratio of ideal delta velocity (aVID) to actual delta

velocity (aVa), where the AVID was calculated assuming a fixed specific

impulse and constant thrust (constant mass flow rate) for the burn

period. The ordinate of the plots represents aVa, and the parameter

is thrust to weight ratio.
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In order to interpret what the curves represent, consider the

following: The actual velocity (_Va) gained for a fixed thrust period,

At, will be less than the ideal velocity (_VID) gained for the same

period. In other words, _t seconds of thrust are required to generate

aVID,'but the real velocity added is only _Va. Now if the actual

velocity is plotted versus the ratio _VID/LVa, it can be interpreted

as (mission) required velocity versus tileratio of (actual velocity

ilput needed)/(mission required velocity). Thus an ordinate valLe

multiplied by an obsclssa value represents the velocity the system must

generate to satisfy the requirements.

These gravity loss factors will be used to generate the other payload/

initial vehicle weight data which will include gravity losses for the

range of propellant modules under consideration. By utilizing these

curves it is planned to synthesize vehicle perforpance curves for the

significant earth orbital and lunar transfer missions. These curves

will depict returned payload versus delivered payload for various number

of propellant _odules and will include the effects of gravity losses

i for certain of the configurations. It will be assumed that these

i. vehicies will be reusable (no staging) since this appears to be the most
e

cost effective approach for the currently envisioned earth orbital and

lunar shuttle missions. In a similar fashion, this data is being

compiled for inner and outer planet _issions. For selected missions the

payload capability for various vehicle configurations is being determined.

However, in these cases both "continuous staging" and "no staging during

burn but before arrival at planet" are being considered.

Payload synthesis has been initiated and several typical classes

are being considered. These include:

I Orbiter Class

o Side looking radar (for heavy atmosphere planets)

, o Imaging aridrelated data rate (i.e., radar altimeter)

, o Probes
{

i
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II Sample Return Class

o Sample gatherer

o Requires return stage

o Consider Callisto, Deimos, Mars, _teroids

III Manned Mars Class

o Synthesize all required subsystems for Mars manned
landing and return

IV Lunar Class

o Initial transportation of manned lunar base

o Lunar logistic resupply

o Unmanned roving vehicle for surface exploration

o Orbiting Lunar station support

V Earth Orbit Class

o Low altitude space station energy stage

o Low altitude to geosynchronous orbit transfer of
scientific pay3oad

o Others

A preliminary assessment of typical payloads that could be synthesized

for unmanned missions are listed in Table If.

Data for these typical payloads is being compiled so that weight and

_lectrical and/or thermal e_ergy requirements can be established. As

_oon as this has been completed, efforts will be directed towards

establishing Dual Mode NERVA applications that are payload oriented.

The mission velocity requirements for a geosynchronous mission are pre-

sented in Table lO. This mission profile is similar to the profile used by

MDAC in their Phase Ill Study and also used in preparing the Mission Plan-

ning Handbook. Vehicle performance for various numbers of propellant mod-

ules is shown in Figure 18. This figure presents the returned payload as a

function of delivered payload for vehicles c_nsi_ting of 4 to 22 propellant

modules. Return payload is defined as the totcl payload alive the RNS on

the descent leg of the mission, while delivered payload is the total payload

on the ascent leg of the mission. The performance is shown for a constant
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specificimpulseof 825 sec for each burn,no gravitylossesand no after-

coolingpropellantutilization.The effectof variationsin specificim-

pulsefor each burn,gravitylosses,and aftercoolingwill be evaluated

duringthe nextreportingperiod. For comparisonpurposes,the performance

of an eight propellantmodulevehiclepresentedin MDAC Phase Ill Study is

also shownin Figure18. The differencein performanceis due to differences

in inertvehicleweight,specificimpulsevariationsfor each burn,and

aftercoolingpropellantutilization.As can be seen, these parameterscan

reducethe payloadcapabilityby about 35 percent.

4.2 DualMode ApolicationsSystemsEvaluationCTask2)

A meetingwas heldwith ANSC and WANL on II January1972to review

the preliminarylistof DualMode SystemApplications(Tablel of

Referencea). It was agreedthat the cooldownpropellantreduction

application(Items8 and g) and thoseapplicationsassociatedwith tank

pressurization,boiloffconservationand enginechilldownor conditioning

(Itemsl,2, 3, and ll) had merit for significantweightsavingsand would

requireelectricpower for their implementation.It was pointedout that

all the engineelectricalactuatorsare currentlydesignedtomeet

stringentreliabilityrequirements(i.e.>R=O.9999)and henceconsiderin_

an improvementin thisarea by usingoversizeactuatorswould be of

marginalbenefitto the stage. Hence,it was mutuallyagreedto eliminate

item4 of Table l of Reference(a).

The analysesfor the use of the hightemperatureand low temperature

radiatorsto reduceafterburningcooldownpropellantsis beingextended

at the recommendationof ANSC to includethe following:

(a) A lowtemperatureradiatorspecificweightof 0.5 Ib/ft2.

(b) A hightemperatureradiatorspecificweightof 3.0 Ib/ft2.

(c) Overdrivingof the low temperatureradiatorto 660°R during
the initialcooldownperiod.

(d) Cooldownof the reactorto valuesbelow200KWt.

Analyseshave been initiatedto evaluatethe u_e of propellant

moduleboostpumps as a pctentialDualMode application.This approach

would permitreductionof the maximumrequiredtankpressure(i.e.from

; 30 psia to approximately15 psia) and a potentialweightsavingwith
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respectto bothgas pressurantweightard tankstructuralweight. The

use of the boostpump for the propellantdestratificationand chilldown

applicationsis also under consideration.

As may be noted,the initialemphasisin this taskhas been towards

enginerelatedDualMode applications.This was done since considerable

datawas availableon the enginesubsystems. It is anticipatedthat

payloadorientedapplicationswill be initiatedas soonas definitive

payloadcharacteristicinformationbecomesavailablefromTask I.

5.0 PLANNEDACTIVITIESFORTHE NEXT REPORTINGPERIOD

5.1 The payloadcharacteristicsfor the unmannedmissions(subtasksl.l-2

and 1.2-2)will be finalized. Datawill thenbe availableto permit

initialscreeningof candidateDualModesystemsto be conducted.Thiswill

alsopermitthe synthesisof che requiredvehicleperformancefor these

selectedmissions.

5.2 The payloaddata for the innerand outer plattermissi_s for various

vehicleconfigurations(subtasks1.1-Iand 1.2-I)will be completed.

Initialscreeningof curr.ntand new missions(subtasksI.I-3 and 1.2-3)

will be conducted.

5.3 The work pertainingto the DualMode applications(subtasks2.1-1,

2.1-2and 2.2-2)pertainingto aftercoolingpropellantconsumption

reductionwill be finalizedand includethe ANSC recommendedchangesin

parameters. In addition,the applicationspertainingto the pressurization,

chilldown,and reliqueficationapplicationswill be continued. The work

pertainingto the vehicleand payloadapplicationswill continuewith

the preparationof additionalparametricdata for the alternatepower

systems(i.e.,nucleardynamicand nuclearstaticsystems)for use in

comparisonwith the DualMode systems. An initialassessmenta_ to the

desirableelectricpower rangefor the DualMode systemas it appliesto

the unmannedpayloadcharacteristicswill also be made.
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6.0 PROGRAMSCHEDULE

6.1 The statusof the work completedis shownon the Task Progress

ReportSchedule(AttachmentI). The defipitionof payloadcharacteristics

has beena pacingstudy item. However,now thatthe missionrequirements

and vehiclepayloadcapabilitieshavebeen very nearlycompleted,

considerableeffortis being expendedin thisarea. Hence,at this

time theredoes not appear to be any significantproblemwhich would

precludecompletionof Tasks l and 2 with the designatedmilestone

date (30)(archIg72).

6.2 The cumulativema.hoursfor thisstudy are shownon AttachmentII.
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DUAL MODE NERVA APPLICATION. STUDY CUMULATIVE MANHOURS
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Table I0. Geosynchronous Shuttle Mission Velocity Requirements
(MDAC Mission Profile)

Ideal Velocity
Maneuver (fps)

Leave 260 nmi orbit

(Inject into 260 by 19,324 nmi transfer 7885

ellipse - orbital plane change 2.4°)

Midcourse correction(s) 50

Circularize tra[ _fer orbit at 19,324 6014
and orbital plane change 29.1 °

Deorbit from geosynchronous orbit

(Inject into 260 by 19,324 transfer _14

ellipse - orbital plane change 29.1°)

Midcourse correction(s) 50

Circularize transfer at 260 nmi

- orbital plane change 2.4" 7885

Total 27,898

Table 11. Potential UnmannedPayl0ads

P1ane_____tt Payload Components

Gas giant planets (Jupiter, Slde Iooklng radar, imaging, probes
Saturn, Uranus, Neptune

Vet,us and Marcury Imaging

Moons of Jupiter Slde looking radar, imaging, probes
and s_ple return

Mars Imaging and sample return

Noons of Mars (Phobos, Detmos) Imaging and sample return

Comets and asteroids S_ple return and imaging
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Figure 1. Veloctty Required for Ballistic _lar and Inner Planetary Probes
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